Essential Oils, Cistaceae, Cistus ladanifer, Phenylpropanoic acid esters, NMR-and MS-Data Esters of phenylpropanoic acid with 2-phenyl-ethanol-1 and the homologue, 3-phenyl-propanol-1 as well as geraniol and dehydrogeraniol were found in the essential oil o f Cistus ladanifer. The isolation of these esters by chromatographic methods and structural elucidation by NMR and MS are described.
Introduction
Some species o f the m editerranean genus Cistus secrete large amounts o f essential oils from their leaves [1] [2] [3] . These Cistus oils are often used for perfumery [4] , especially the very complex essential oil of Cistus ladanifer, consisting of several hundred compounds [5 -7] ,
In this paper the occurrence of phenylpropanoic acid esters in the essential oil of Cistus ladanifer is reported. The unesterified phenylpropanoic acid has already been isolated from essential oils and plant arom a extracts [ 8 -16] , including the essential oil o f Cistus ladanifer [7, 17] . Until now, however, only one ester of phenylpropanoic acid, 2-phenylethanol-lphenylpropanoate, was identified in plant aromas, in the "absolues" of the male flowers o f Alnus sieboldiana [9] . Esters of phenylpropanoic acid with monoterpene alcohols, as reported in this paper, have thus far not been described.
Materials and Methods
The Cistus plants were grown from seeds and cultivated in the field of the Botanical Institute o f the University of Köln. Extraction of essential oils was carried out by steamdestillation. Fractionation of the oil according to functional groups was achieved by S i0 2-column chromatography [5, 6] . Esters and carbonyl compounds were eluted with 2-chloropropane. This fraction was further separated into 
Results and Discussion
Four thus far not identified com pounds could be isolated by chrom atographic m ethods from the es sential oil of Cistus ladanifer. The IR-spectra indi cate that these four compounds are aryl esters (1750 cm -1, strong: ester; 1500 cm -1, medium: arom atic ring; 750 and 700 cm -1, strong: m onosubstituted benzene ring). Saponification yielded the same acid in each case. The four compounds differed therefore only in their alcoholic component. Reduction o f the esters confirmed these results. The identification of the acid (as methyl ester I) and o f the alcohols (HI -VI) after saponification was achieved by NM R-and mass spectrometry. The fragm entation pattern of I agrees well with data given in the literature for 3-phenylpropanoic acid methyl ester [16, 18, 19] and the N M R-spectrum is identical with that of an authentic sample obtained from cinnamic acid (Table I) .
2-Phenyl-ethanol-l (III) and 3-phenyl-propanol-1 (IV) were identified from their spectral data [20, 21] , (Table I) . From geraniol (V) a Cl (i -C4H 10) spec trum could be obtained. Since the cis/trans-isomers geraniol and nerol cannot be distinguished by their EI-spectra [22] identification was achieved NM Rspectroscopically by comparison with authentic material and by G LC analysis.
From the Cl ( i -C 4H 10) spectrum of VI it was concluded that this com pound differed from geraniol by the presence of an additional double bond. The structure of VI follows from the N M R spectrum (Table I) : The signals at 1.7 and 1.8 ppm correspond to two vinylic methyl groups (a and a'). Analogous shifts are observed in the spectrum of geraniol. A singlet at 4.9 ppm stems from a terminal methylene group (C = C H 2). Signals at 4.2 and 5.5 ppm (cou pling with each other as shown by double resonance experiments) correspond -as in the spectrum of geraniol -to c and e. The methylene doublet at 2.8 ppm (b) collapses to a singlet upon irradiation at 5.7 ppm (olefine proton). Coupling to no other proton could be detected. Irradiation at 2.8 ppm in turn reduces the m ultiplicity of f (double triplet) to a doublet (J = 16 Hz). The same J is observed with the signal of g (6.2 ppm). The size of the coupling constant is in agreement with E-substitution of the double bond.
Thus far the NM R data would be in agreement with the isomeric structure VII as well. Irradiation at 2.8 ppm (b) not only results in a simplification of the coupling pattern o f f, but also in a sharpening o f the signal of g broadened by allylic coupling of the latter with b. In the case o f structure VII one would observe, instead a broadening o f the signal of the terminal C H 2-group d (4.9 ppm) which should disappear upon irradiation at 2.8 ppm. Since neither effect has been observed structure VII can be excluded. Geranyl-phenylpropanoate II will be an example for the spectroscopic identification o f one of the native phenylpropanoic acid esters in the essential oil of Cistus ladanifer. The interpretation of the spectral data ( Table I ) agrees with that for I and V.
Other compounds of the 2-chloropropane fraction will be published soon.
